ABSTRACT: All-day annual mean values of the D, H and Z components of the geomagnetic field from ten observatories in the African continent are used to study long period secular variations, effects of external signals for the variation in the recorded field and for the signatures of geomagnetic jerks in the African region. Polynomials of second or third degree are found to be adequate to represent the secular variation in the field for most of the observatories. This shows that no strong local anomalies exist over much of the continent and the source of the secular variation is deep seated. Departures from these trends are observed over the Southern African region. The residuals in the geomagnetic field components are shown to exhibit parallelism with the periods corresponding to the double solar cycle only for some of the stations. A clear latitudinal distribution in the geomagnetic component that exhibits the 1969-70 secular jerk is shown. The jerk appears in the plots of the first differences in H for the southern most observatories of Hermanus, Hartebeesthoek, and Tsumeb, while the Z plots show the jerk for near equatorial and equatorial stations of Antananarivo, Luanda Belas, Bangui and Addis Ababa. There is some indication for this jerk in the first difference plots of D for the northern stations of M'Bour and Tamanrasset. The plots of D rather strongly suggest the presence of a jerk around 1980 at most of the stations.
INTRODUCTION
The magnetic field of the Earth has been observed to exhibit changes of remarkably wide spectral range that could be generally divided into short and long period variations. The short period/higher frequency variations of the field are linked with electric currents flowing in the ionosphere and magnetosphere and thus having their origin external to the earth. The longer period variations, on the other hand, are thought to be due to internal processes within the earth like the dynamo action within the fluid metallic outer core. Both these variations have been the subject of much investigation for quite some time and for good reasons. The long period internal/secular variations have been given much attention because of their importance in the study of the processes in the deep interior of the earth that could allow one to infer motions in the convecting fluid core. The external variations can be used to investigate the electrical conductivity of the Earth's crust and mantle (Banks, 1969; Achache et al., 1980; Bloxham and Gubbins, 1985; Courtillot and Le Mouel, 1976; 1988) .
Many studies have used the analyses of observatory recorded annual mean values of the geomagnetic elements over several decades to investigate the behaviour of the secular variation of the dipole field over a locality and examine external influences (Campbell, 1980; Alldredge, 1983; Gavoret et al., 1986; Gubbins and Tomlinson, 1986; Rangarajan et al., 1996 , Alexandrescu et al., 1997 . In such investigations, it has also been established that the long-term time variations in the geomagnetic components could be well modelled by low degree polynomials of various degrees fitted to data recorded over significant duration (Courtillot and Le Mouel, 1976; Ducruix et al., 1980) . The residual signals obtained after the removal of the polynomial fits from the data, on the other hand, have been used to examine for external field phenomena like the solar flare, the ~11-yr sunspot cycle and/or double solar cycle effects.
Although ground recorded magnetic data in the African Continent were scarce during earlier period of the 19th Century, a series of observatories have been continuously registering geomagnetic data since the second half of the last Century. The purpose of the study reported in this paper is to analyse these observatory records and examine some characteristics of the variations in the geomagnetic field. Data from ten observatories are used to study the trends in secular variation over the continent, the effects of external variations on the recorded data and also look for signatures of events like the 1969-1970 geomagnetic secular acceleration observed in many world wide observatory records.
DATA AND ANALYSIS
All day annual mean values of the geomagnetic field components H, D and Z-defined as being the averages over all days of the year and all times of the day-have been used. The data are from ten geomagnetic observatories in the African continent that have several decades of data of observatory quality. The IAGA codes and the locations of these observatories are depicted in Figure 1 . Table 1 gives the station descriptions: geographic and geomagnetic co-ordinates along with the length of available data. Table 1 for station descriptions). It is seen from the table that the available data are of variable length. The observatory at Antananarivo gives data of more than ten decades, with a few data gaps in-between, while the Hartbeesthoek observatory gives very reliable but short length data of about three decades. For all stations, however, a nearly homogeneous data time series are available starting from the 1950's.
Furthermore, standard separate tabulations of quiet, disturbed and all day mean values have been made in these observatories only starting in the 1980's (except at Hermanus observatory where separate mean values are available from the beginning of observations at this location). Therefore, it becomes realistic to base the analysis on all day annual mean values and, accordingly, these are used in the analysis throughout. In any case, based on the analysis carried out on the Hermanus data and earlier results for other stations (e.g., Bhardwaj and Rangarajan, 1997 for the Indian region) the secular trend curves for all day annual means are found to be closely correlable to those of quiet day annual means. The annual means, of course, contain the daily, semiannual, annual variations and also of the sunspotcycle variation and its harmonics and their use do not restrict the validity of the analysis.
The paper relies heavily upon the graphic presentation of the analysis of the data and the visual inspection of the plots. The actual data, without corrections and adjustments, are plotted to observe the behaviour of the variation of the magnetic field components D, H and Z with time at the individual stations and to look for any systematic variations in the secular trends, in the residual terms and the first differences of these components. The use of uncorrected data is believed to be also useful to examine the quality of data from each observatory and avoid unnecessary impositions on actual data.
Polynomials were fitted to the annual mean data using the method of propagation of least squares (Gangi and Shapiro, 1977) . The technique employed to fit the data, moreover, permits the assessment as to which degree polynomial is essential to obtain the best fitting curves in contrast to the arbitrary termination of the fit to second (Courtillot and Le Mouel, 1976; 1984; 1988) or third (Rao and Bansal, 1969 ) degree. The trends, which are believed to correspond to the long period secular variation of internal origin, are then closely examined for their latitudinal and longitudinal correlation.
The secular/fitted trends are then subtracted from the original data to obtain the residuals, which in turn are expected to show variations of worldwide character imposed by factors of external origin like solar activities and other short period variations. The first difference of the field components, dC/dt = C (t+1) -C (t-1), where C denotes the components D, H and Z with 't' expressed in years, are then plotted to look for the signatures of geomagnetic secular variation impulses.
Analysis of data from the Antananarivo, the observatory with the longest time series data in the whole of the region, is given special emphasis and is presented separately for each case of trend analysis, residual analysis, and analysis in search of the signatures of geomagnetic impulses. The observed annual means of the three components D, H and Z at Hermanus and Antananarivo stations in the southern most parts of Africa are also plotted separately and fitted to illustrate the fact that the southern African region is characterised by high local magnetic anomaly.
RESULTS AND DISCUSSION
The data analysis proceeds with the plots of all day annual mean data and the results are discussed in terms of (i) secular variation trends, (ii) behaviour of the observed periodic variations in the residuals and (iii) the search for signatures of geomagnetic impulses in the data. Results of the analysis for the component that exhibits larger variations and consistent trends are given and discussed.
Secular changes in the geomagnetic field
Plots of the D, H and Z components of the geomagnetic field for Antananarivo observatory, the observatory with the longest time series data available in the region are given in Figure 2 (a) along with their best fitting curves. The degree of fit or the percentage of fit taken care of by successive degrees of polynomials is given in Table  2 . From Fig. 2 (a) it is seen that both H and D had reached their maxima around 1900 and 1920 respectively and have since been decreasing at some non-linear rate while Z has been increasing from what appears to be the minimum in the years around 1890. The rate of descent of H is nearly linear while in the case of D and H the change appears to be in phase after the 1930's. Table 2 gives the aggregate percentage variance taken care of by each successive polynomial of higher degree. A degree-four to degree-five polynomial almost completely reproduces the observed variation of the geomagnetic field at this location of extended data length leaving little noise component in the data.
A rather more interesting comparison of the variation in the field and the degree of polynomials required to obtain adequate fits are provided by the data from the Hermanus observatory, a station which is closely located to Antananarivo ( Figure  2b ) but with a more intense and irregular secular variation. With a shorter time series (as compared to Antananarivo) but with data of dependable quality, the variation in D at Hermanus shows a near sinusoidal periodicity of 40 years. Moreover, a third degree polynomial, adequate to almost completely reproduce the H and Z variations, leaves about 30% of the data of D unaccounted for ( Table 3) . The variations in H and Z at Hermanus, on the other hand, follow a similar trend to that of Antananarivo with a steady nearly linear decrease and increase, respectively, in the variations. Table 3 shows that the variations in these two components are almost completely reproduced by quadratic or cubic polynomials. The significant differences in the variations of D between these two, relatively closely spaced stations with latitudinal difference of slightly more than 10 degrees are the result of the South African region being a region of high local magnetic anomaly. The Hermanus and nearby observatories of Hartebeesthoek and Antananarivo are close to the centre of a large regional anomaly and close to the foci of secular variation (Courtillot and Le Mouel, 1976 A cubic seems to adequately take into account almost all of the secular variations except at the southernmost observatories of Antananarivo, Hartebeesthoek and Hermanus which require polynomials of 5 or higher degree to represent these variations (Table 4 ). The strong local magnetic anomaly seems to be concentrated on the south and southeastern tip of the continent. The secular trends at the majority of the observatories are represented by polynomials of the third degree, as can be seen in Table 5 , except that a third degree polynomial for the secular trends at Addis Ababa leaves more about 10% of the data unaccounted for. This is due to the fact that the station being a near dip equatorial station, H data are strongly modulated by the overhead equatorial electrojet current and other low latitude solar effects.
Secular variation at African observatories
The Z variations shown in Figure 3 (c) also show latitudinal dependence. The southern observatories show increasing Z while the northern ones show decreasing Z values except the stations at Addis Ababa and Misallat. The picture presented is quite complex here and the southward migration of the dip equator, clearly observed as an increase in Z at the Indian chain of observatories, is not consistently seen here. The reasons for this could be that the highly localised low-level anomalies, rather than the known sources for secular variation, play important role for the variations in secular trend over Africa. In general, for a good number of stations, it is seen that polynomials of quadratic or at most cubic degree reproduce the secular variations (Table 6 ).
Residuals
To obtain the residuals, which possibly contain variations with periods correlable to external signals and solar activity response like the ~11-yr sunspot cycle and the 22-yr double sunspot cycles, the fitted secular trends have been removed from the data. The actual residuals, obtained as the difference between the recorded data from the fitting trends and representing the departures of the data from the long period secular trend, are utilised for this analysis. The fact that all day annual means, rather than the quiet-day mean data, are used in the analysis is appropriate here, as solar cycle effects would still be present in the original data that are expected to reveal themselves in the residuals. Figures 5(a,b,c ) respectively give the D, H and Z residuals at the ten African observatories for the period 1950-2000. Nearly smooth variations in the residuals with two broad peaks are seen in the record of most of the stations. In the H-residuals, Figure 5 (b), a slightly out of phase negative (phase opposition) correlation between the records and the 22-year double solar cycle phenomena is observed for the stations at Hermanus, Tsumeb and Antananarivo while a rather remarkable correlation is shown for M'Bour. The Antananarivo and Luanda Belas stations also show some correlation with this cycle but with some delay in the peaks. The residuals from the Misallat observatory are corrupted by an uncertain data quality from this site after the 1980s. The Z residuals, Figure 5 (c), do not show correlation with solar cycle phenomena except some indications at Luanda Belas and Bangui. A point worth noting here is the rather good similarity, in the residuals in H, Z and D at Hermanus (in phase opposition) and M'Bour (in phase) with periodicities corresponding to the double solar cycle suggesting a strong effect of solar cycle phenomena on the records at these localities. The strong variations in the Z residuals at Hartebeesthoek could be the result of forcing a higher degree polynomial to fit the data or result of continuous contamination of the record by external fields.
Secular jerks
Examination of geomagnetic data from worldwide observatories has revealed sudden changes in the trend of the secular variation, which have been called geomagnetic jerks or secular variation impulses. One such rapid, worldwide and simultaneous acceleration in the geomagnetic secular change is believed to have occurred around 1969 and has been discussed by a number of authors. Other less documented impulses have been proposed to occur around 1913 and somewhere around 1980. The date of the wellidentified 1969 impulse was found to be ranging from 1967 and 1972 and was localised to be in 1969.5 over Europe with a duration as short as and even less than 1-yr (Malin and Hodder, 1982; Malin et al., 1983; Le Mouel et al., 1982; Courtillot and Le Mouel, 1984; 1988) . There is also a good evidence for up to two years delay in the emergence of the jerk in Australia and Japan. Several techniques have been proposed to identify the occurrence of geomagnetic impulses from geomagnetic data (Courtillot and Le Mouel, 1988; Alexandrescu et al., 1996; Mandea et al., 2000) .
The more classical method of analysing the trend in secular variation involves displaying the first derivatives that are computed from first order finite differences of annual mean values of the geomagnetic components against time. A change in slope of the curves, fitted in the least squares sense, indicates the presence of such phenomena providing a very clear and convincing picture of the impulse. As a first approximation, therefore, the secular variation impulse can be represented as a two-segment broken line with an apparently worldwide and synchronous break occurring around the year of the impulse (1969). This technique has been employed in this work. 
MBO
Systematic examination of the presence of the secular variation impulse in these records has not been carried out except the use of the Hermanus data in some works. In this section, attempt is made to look for this signature of the secular variation impulse and examine which components show this change in the African region.
The 1969.5 secular jerk over Africa Figures 6 (a,b,c) give the plots of the first differences in D, H and Z for the ten African observatories. From the plots in Figure 6 (Figure 6(c)) . It is not possible to find any indication of the impulse for station at Misallat in the far north and this appears to be mainly due to data quality, which has made the analysis unreliable. It can be said, therefore, that in the African observatory geomagnetic records the 1969 worldwide event appears to be evident in one or the other of the geomagnetic elements with a certain systematic latitudinal distribution. 
SUMMARY
From the results of the analysis carried out on observatory recorded data in the African region, it is observed that a low-degree quadratic, and a cubic in most instances, is adequate to represent the long period secular variations of the geomagnetic field over the continent. This verifies that the African continent, for the most part, is without strong local anomalies and the sources for the secular variation are deep seated. Departures from this trend are observed over the Southern African region where a strong local geomagnetic anomaly has been known to exist. In this region a polynomial of degree six or even higher would be required to represent this variation. The residuals in the geomagnetic field components obtained after the removal of the best (Figure 6(a) ) is, however, the rather strong suggestion for the presence of an impulse in secular variation around 1980 at most of the stations.
In addition to studying the different aspects of the geomagnetic field, the work also in general puts the available geomagnetic observatory data from the African continent in perspective. Through this, it is seen that the data quality at some of the stations has large jumps, as for example at Misallat after around 1980, rendering the data unreliable to permit examination of the finer behaviour in the variations of the geomagnetic field. It is hoped that with the introduction of the INTERMAGNET, which most of the stations studied here have joined, and standard instrumentation and calibration techniques these problems would be removed and reliable data can be acquired.
